Microstructural characteristics such as the interfacial transition zone (ITZ) and cracking patterns from compressive strength testing are main features that characterize concrete behavior. Certain materials such as blast furnace slag or fly ash introduced in the concrete mix aid in improving its strength and durability. Others such as nanosilica particles may affect only the microstructure of the paste without making any significant improvement in the strength of the ITZ or pasteaggregate bond. Additionally, in situ investigation of the microstructures of fresh cement paste can greatly enhance knowledge of the development properties of concrete at an early age (e.g., setting and hydration), which can be helpful for improvement of the quality of concrete. Common technologies such as Scanning Electron Microscope (SEM) are currently employed in petrographic analysis of cementitious materials and concrete microstructure.
Introduction
Although the technology of producing concrete is relatively simple the microstructure of the resultant product is highly complex. Concrete microstructure is defined as the microscopical detailing of the concrete components from its macrostructure. To better understand the mechanisms that intrinsically control durability of Portland cement concrete (PCC) it is necessary to define and understand those factors affecting concrete microstructure. Typically, the microstructure is a consequence of both the concrete formulation and the processes taking place during mixing, placing and curing. Past studies have already established that deterioration originates in the concrete at the micro-or sub-microscopic level, i.e., in its microstructure [1, 2] .
Several current studies on concrete failure indicated that an often major cause of variability of the properties and performance of the hardened concrete was the inadequate dispersion of cement paste in the fresh concrete [3] . In this way, harmful impurities that permeate or diffuse throughout the hardened concrete may initiate its deterioration due to a variation in the ability of the concrete to restrict their transport. Moreover, the cement particles tend to irregularly coagulate and cluster in the mix leading to uneven regions of dense and high porosity hardened paste because of poor dispersion and inhomogeneity during mixing and placing. This holds true even for high density microstructures resulting when using of low water/cement (w/c) ratios. The development of a dense homogeneous microstructure is also affected by the pattern packing of the cement particles and aggregate. Thus, the microstructure developed during the mixing, setting and hardening process will directly affect the resulting properties and performance of concrete. Microstructural development is also controlled by a combination of uniform dispersion of cement particles, mineral admixtures and aggregates along with cement hydration. Moreover, developments occurring at a micro-or sub-microscopic level in the concrete matrix influence aspects such as early or retarded setting, drying shrinkage, permeability, frost damage, excessive bleeding, and/or inadequate strength. Understanding the concrete behavior at these small scale levels is the initial and most important step toward achieving the means to control its microstructure and influence on performance [3] .
Additionally, the examination of concrete microstructure either in transmitted or reflected energy is a valuable tool in the study of concrete microstructure. These methods can be used in inspecting various concrete specimens to determine potential defects or material characteristics. For example, water/cement ratios can be determined by comparing paste porosity with a series of carefully prepared reference samples. In this chapter, the physical interface between aggregate and cement paste and the aggregate fracture were studied. The Scanning Electron Microscope (SEM) capable of acquiring micro-scale level images was used to quantify the ITZ cracking for normal and self-consolidating concrete. The X-ray Computed Tomography (CT) system was employed to visualize the coarse aggregate distribution in the concrete specimens and their fracture pattern. SEM is a device that creates highly magnified 2-D images of structures to analyze their various components interactions and potential flaws using accelerated electrons. The X-ray CT technique uses high energy beams which penetrate samples of different thicknesses then stacks up the acquired images to reconstruct a 3-D model of the scanned sample for structural analysis.
Research methodology
The first part of this section addresses the development of microstructure and its control of performance with a focus on the normal (NC) and self-consolidating concrete (SCC). The second part details the damage caused by steel projectiles of different sizes impacting large concrete specimens at various speeds.
Concrete microstructure characterization and performance comparison
This research study had four objectives: (1) To investigate the bonding between coarse aggregates and cement paste; (2) To evaluate fresh SCC test methodsslump flow and U-tube; (3) To compare NC and SCC splitting tensile strength and compressive strength; and (4) To visualize the distribution of coarse aggregate in NC and SCC concrete specimens. The SEM imaging was employed to investigate the bonding between the cement paste and coarse aggregate of the two types of concrete by studying their interfacial transition zone (ITZ). The ITZ, which is mostly comprised of calcium hydroxide, is a narrow and fuzzy cement paste area surrounding the aggregate particles. Being a very porous region due to a high water content, the ITZ tends to increase with the aggregate size. Moreover, due to its weaker structure compared to the bulk paste in the concrete this transition zone directly affects the concrete properties, especially its strength and stiffness. The aggregate distribution throughout the specimens and the fracture patterns of the NC and SCC specimens tested for compressive strength were visualized using the X-ray tomography imaging system. The standard compressive strength test method depicts typical fracture patterns indicative of the mix strength or existing problems with the testing equipment.
Additional information on materials and admixtures used for preparing the specimens can be found in Druta et al. [4] . Table 1 presents the mix proportions for casting the SCC specimens. The type I Portland cement was replaced by blast furnace slag (25%), fly ash (15%), and silica fume (5%). Similar mix proportions and equal amount batches were prepared for casting cylindrical NC samples and conduct slump tests without incorporating any mineral admixtures.
Splitting tensile and compressive strength tests were performed on both types of concrete, whereas U-box and slump flow tests were conducted to evaluate the filling ability and the self-compactability of the SCC, respectively [5, 6] . The slump flow test, currently used for fresh SCC, is a good indicator of concrete consistency and ability to self-consolidate [6, 7] . For SCC, instead of measuring the drop in height of the fresh concrete the average of two perpendicular diameters (R1 and R2) of the spread concrete is determined. A good self-consolidation is achieved for a spread of 600 mm or larger, up to 800 mm, within a time period of 60 s [4] . Figure 1 illustrates the filling ability apparatus that comprises an approximately 700 mm tall tube with a round bottom divided into two equal sections by a middle wall incorporating a sliding gate. Once the left section is filled with concrete the sliding gate is lifted allowing the fresh concrete to flow freely in the right section through a specially designed grate provided with closely spaced rebars. The height levels of the concrete in both sections are measured, then followed by a height difference calculation. An adequate SCC filling and compactability is achieved if a difference of 30 mm or less between H1 and H2 is recorded. Table 1 .
Self-consolidating concrete mix design. Figure 1 . U-box schematic for testing SCC.
Evaluating the bond between coarse aggregate and cement paste
The SCC was extensively researched in the past decades to find ways to enhance its performance [8, 9] . The general focus of those efforts was the improvement of the interface properties between paste and aggregates. That improvement has led to the manufacturing and use of higher strength and enhanced durability concretes [10, 11] . The physical interface between aggregate and cement paste and the aggregate fracture patterns were investigated in the second phase of this study. First, the ITZ cracking behavior for the two types of concrete was quantified using the SEM capable of acquiring micro-scale level images. Secondly, a visualization of the coarse aggregate distribution in the specimens and their fracture pattern were performed by employing the X-ray Computed Tomography (CT) system [2] . In addition, a comparison of the number of air voids in the NC and SCC was conducted on six rectangular samples with the dimensions of 70 Â 70 Â 12 mm. The samples were cut from concrete cylinders at 0.3, 0.45, and 0.6 water-cement ratios and analyzed under a digital stereo-zoom microscope.
To determine the characteristics of the interfaces between aggregates and paste for both SCC and NC, small samples of 25.5 mm diameter and 4 mm thick were obtained from untested cylinders of both types of concretes at three different water-cement ratios of 0.3, 0.4, and 0.6 after 60 days of curing. The SEM was used to capture pictures of each w/c ratio sample at different ITZ locations. Smaller crack widths within their physical interface were observed from the acquired SEM photomicrographs for SCC samples compared the NC samples as showed in Figure 2 . This finding indicated that a better aggregate-paste bonding was achieved in the transition zone for SCC compared to NC.
The use of silica fume led to a lower porosity and less growth of calcium hydroxide in the ITZ resulting in an increase in tensile and compressive strength of the SCC when compared to NC. Typically, silica fume has a "filler effect" in the concrete structure that reduces internal bleeding in the fresh concrete while enhancing the aggregate-paste bond strength [12] . It also renders its structure more homogeneous due to a reduction of the large pores in the ITZ. The split tensile strength tests revealed a larger number of broken aggregate particles in SCC than in NC when the fractured surfaces of the concrete samples were inspected. Furthermore, the strength of the ITZ was also enhanced by the addition of silica fume, as some of the aggregate fracture occurred at the physical interface instead within the transition zone. Table 2 shows the specimens' cracks widths from the images acquired at each water/cement ratio. The SEM image analysis indicated that a tendency for the cracks to shrink existed for lower w/cm ratios. However, a certain relationship between the interface crack widths and the water-cement ratios for either type of concrete was not found. Establishing a quantitative relationship between the crack width and strength, if any, has to be further investigated.
Analysis of fracture patterns
The X-ray computed tomography (CT) was employed to examine the internal structure and fracture patterns of the concrete specimens tested in compression [4] . Using the CT radiographic inspection technique objects are reconstructed from their cross sectional images. Over the years, nondestructive evaluations using CT imaging of the microstructure of concrete [13] , soil [14, 15] , rock [16] , and asphalt concrete [17, 18] have been largely used. Compression tested specimens have exhibited similar fracture patterns, i.e., cone at one end and vertical columns, as types 2 and 3 patterns described in the ASTM C 39 test method. Figure 3 shows tomographic images of the 3D reconstructed SCC and NC specimens acquired from the top, middle and bottom. Images reveal concrete structural damage and fracture patterns along with the aggregate fracture throughout the tested specimens. The SCC specimens did not exhibit any segregation.
Several sectional images of 100 Â 200 mm tensile split cylindrical specimens were visually inspected to identify fractured aggregate. The analysis showed that the percentage of fractured aggregate for SCC was about 15-25% (9-15 out of 60) while for NC was around 10% (4-6 out of 60) after determining that each section facet contained around 60 coarse aggregate particles. The number of broken aggregate particles from three tested specimens was averaged to calculate the fracture Table 2 .
Interfaces crack widths for normal and self-consolidating concretes.
percentages. The greater number of fractured aggregate in the SCC specimens was another indication of a better bonding between aggregate and cement paste.
Evaluation of air void content
The air entrainment was reduced in the SCC mix with the addition of finely divided mineral admixtures, such as fly ash and silica fume. Samples with the dimensions of 80 Â 80 Â 12 mm were acquired from both types of concretes at w/cm ratios of 0.30, 0.45, and 0.60 to study their air-entrained properties. Air voids larger than 200 microns only were considered for the analysis. The measurements showed that SCC samples exhibited half the amount of air voids compared to NC. Visual analyses of the "air voids" sizes and shapes revealed that SCC had smaller and more round-shaped voids than NC which presented slightly larger and irregular shaped voids (by 15-20%) ( Figure 4) .
Moreover, while the air voids in the SCC appeared more clustered in certain areas of the cut specimen, the voids in NC were relatively well dispersed in the specimens. These data indicate that the lower air void content also contributed to an increase in strength of the SCC as cracks initiate more easily in the cement paste with higher air voids. Some of these air voids represent "flaws" in the cement paste at the aggregate-paste boundary possibly forming microcracks or "bond cracks" in the ITZ which ultimately lead to the failure of the concrete due to the propagation of microcracks under localized tensile stresses.
Conclusions
This research verified that SCC achieved self-compactability and adequate flow under its own weight, without external vibration or compaction based on the mix proportion parameters and the materials used. The study also showed that splitting tensile and compressive strengths in SCC were higher than those of normal vibrated concrete due to the addition of chemical and mineral admixtures. Compressive strength had an average increase of over 60%, whereas the splitting tensile strength showed a 30% increase. The ratio between the splitting and compressive strength was similar to values found in the literature. Also, a better bonding between aggregate and cement paste was achieved in SCC due to the use of chemical and mineral admixtures, as the material has shown smaller aggregate-matrix interface microcracks than normal concrete. This characteristic affected both the splitting tensile and compressive strengths. Another indicator of the stronger aggregate-paste bonding was the greater percentage of the fractured aggregate in SCC (20-25%) compared to the 10% for normal concrete. Moreover, when compared to NC, the number of air voids in SCC was lower and they appeared relatively smaller and more rounded. These factors have contributed as well to the increase in strength of the SCC. The equipment assembled for testing concrete specimens of different sizes and strengths is showed in Figure 5 . It contains a gas tank that can be filled at various pressures, a launch tube, a gas expansion tank, and specimen housing chamber.
Concrete microstructure damage by projectile impact
A three-dimensional penetration model was constructed using ABAQUS as shown in Figure 6 . The concrete target was tentatively modeled as 40 Â 40 Â 100 cm blocks and penetrated by high speed projectiles made of rigid materials. No deformation is assumed for the projectile when penetrating the target. The concrete is assumed to be an elasto-plastic material with damage property. 8-node linear brick elements are used for the FEM mesh. An unbounded boundary domain is defined by using 8-node linear infinite elements, which are connected with concrete specimen at the periphery ( Figure 6) .
The microstructure of concrete specimen is considered by assigning different material properties to the three components of the mixture, aggregate, mortar (hydration products plus fine aggregate particles) and air void. These components are discriminated by utilizing image analysis techniques shown in Figure 7 (a) and (b). Pixel intensity value determines what component each pixel belongs to. When meshing the domain to be modeled, the properties of the material between two scanned images are assumed to be the same as the front image.
Concrete damage
A reduction in the elastic stiffness of concrete is the result of damage typically associated with the failure mechanisms of the concrete (cracking and crushing). According to the scalar-damage theory, the isotropic stiffness degradation is characterized by a single degradation variable, d. Based on continuum damage mechanics notions, the effective stress is defined as Eq. (1).
The Cauchy stress is related to the effective stress through the scalar degradation relation per Eq. (2).
The stress-strain relations are governed by scalar damaged elasticity given in Eq. (3), where D 0 el is the elastic stiffness of the undamaged material; D el =(1À d) D 0 el is the elastic stiffness due to damage; and d is the scalar stiffness variable due to degradation. A d value of zero indicates undamaged material while one shows a fully damaged material.
The constitutive behavior of concrete was illustrated using the concrete damaged plasticity model. The model describes the inelastic behavior of concrete based on the concepts of isotropic damaged elasticity in combination with isotropic tensile and compressive plasticity. Moreover, the scalar damaged elasticity combined with the non-associated multi-hardening plasticity describe the irreversible damage that occurs during the fracturing process. The main ingredients of the model are summarized below.
Strain rate decomposition
Additive strain rate decomposition is assumed for the rate-independent model according to Eq. (4).
For any given cross-section of the material, the ratio of the effective loadcarrying area (i.e., the total area minus the damaged area) to the overall section area is represented by the (1 À d) factor. Thus, the effective stress is equivalent to the Cauchy stress, σ, if there is no damage, d = 0. When damage occurs, however, the effective stress is larger than the Cauchy stress because the external loads are supported by the effective stress area. Therefore, the plasticity problem can be Concrete Microstructure Characterization and Performance DOI: http://dx.doi.org/10.5772/intechopen.90500 conveniently formulated using the effective stress component. The development of the degradation variable is governed by a set of hardening variables,ε pl (plastic strains), and the effective stress, d =d(σ,ε pl ).
Hardening variables
Two hardening variables,ε t pl andε c pl , defined as equivalent plastic strains in tension and compression, respectively, can be used to independently characterized a material damaged states in tension and compression. Generally, increasing values of the hardening variables may lead to microcracking and crushing in concrete. These variables also control the degradation of the elastic stiffness and the progression of the yield surface, as well as affecting the dissipated fracture energy required to generate microcracks.
Also, a yield function, F(σ,ε pl ), that represents a surface in effective stress space, will determines the states of failure or damage. For the inviscid plasticdamage model, it is represented by Eq. (5) .
DEM modeling
Penetration test is also modeled using the Discrete Element Method (DEM). DEM was first introduced by Cundall [19] in the early 1970s. It was originally applied on rocks, then extended to granular material, which triggered much wider uses in different kinds of material like fluid, soil, and composites. DEM has not received much attention in penetration simulation before 1990. Before 1990, Heuze's overview [20, 21] indicated that only 3 computer programs based their theory on DEM. However, DEM has its intrinsic advantages, especially related to penetration simulation, when compared to other numerical simulation methods, such as FEM-based on continuum meshing. DEM allows transitioning from continuum to discontinuum to be easily simulated, while handling fracturing and large deformation conveniently.
The geometry of a projectile is one of the key factors affecting the penetration process. A number of studies have addressed the shape effects including those on flat nose [22] [23] [24] , ogive [25] , and spherical ball [26] . Zhu and Zhang [27] compared the effects on penetration using projectiles of ogive and flat nose shape. While most researchers consider projectiles as rigid, others investigated the effects due to a deformable projectile. As for the impact velocity, Nishida [26] studied the penetration at a low velocity of 16 m/s while most others focused on velocities larger than 100 m/s. DEM is also used in the theoretical formulation of PFC3D (a particle modeling software) known as particle-flow model. Particles of arbitrary shapes that displace independent of each other and occupy a finite amount of space constitute the basic element of the model. The model uses a finite normal stiffness to represent the contact stiffness, while the interaction between the particles, which are assumed rigid, is defined using a soft contact approach. Force-Displacement Law and Motion Law are the two primary rules to define the mechanical computation. The former law is used to calculate the contact force and momentum between two entities based on their relative displacement. It should be noted that the momentum part could only be modeled in the parallel bond model for contacts. The second law, also referred as Newton's second law, governs how force and momentum determine the particle translational and rotational motion.
Projectile model
In order to build the required cone shape mono-size balls are decreased in size from tail to tip. To keep a compact status inside the projectile the overlap of balls and large stiffness were purposely assigned. The balls forming the projectile were clumped into one object using the PFC3Dclump function. The created object does not allow any relative movements for the balls constituting the projectile. The friction between projectile and the target varies with their relative velocity and is defined by Eq. (6) , where the static friction was determined by using the idealized infinite velocity Chen [28] .
where f inf is the friction with idealized infinite velocity and f stat is the static friction. Figure 8 illustrates a projectile model used to simulate penetration velocity versus depth relationship established by Forrestal et al. and their corresponding microscopic scale parameters. A model of a projectile created in PFC3D is showed in Figure 9 . Most experiments use the cylindrical projectile shape which allows the convenient monitoring of symmetric damage. However, cubic specimens are used in simulations due to their simple geometry. By using large dimensions, the corner or boundary effects can be minimized. Although a semi-infinite target can be used in the classic penetration theory, a DEM simulation only accepts finite size targets, with its specific dimension needing to be determined to eliminate the size effect.
For both projectile and target, there are several major parameters contributing to the entire penetration process significantly. The major variables for projectile are mass (m), diameter (dia), nose shape, and impact velocity (vel). The former three are set in the projectile geometric and mechanical property file, while the last variable is input in the main code for penetration simulation. Key variables for target are macro Young's modulus (E), Poisson's ratio (ν), compressive strength (σ c ), and tensile strength (σ t ). They together represent the mechanical characteristics of the material.
PFC3D provides an optimized calibration sequence for some major control variables to minimize the iterations for parallel bond. 4. Properties, such as post-peak behavior or crack-initiation stress, can also be obtained by adjusting related variables, such as friction coefficient to match with those from the real samples; for conciseness purpose however, they are not presented in this paper. 
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Normal and shear strength calibration for parallel bond
Normal strength and shear strength (σ c and τ c ) for parallel bond are the two major micro-parameters contributing to the material's compressive strength. Three typical calibration tests were carried out: varying normal strength, varying shear strength, and varying both with a constant relative ratio. The relationship between compressive strength and microstrength is shown in the Figure 10 . As illustrated in Figure 10 , the macro compressive strength depends on both normal and shear strength of the contact balls, while normal strength contributes a little more. An important feature for this case is that it is the smaller one of these two micro-parameters controls the upper limit of the macro-strength, i.e. the compressive strength cannot increase when either one of the micro strengths stay at a constant level.
For Young's modulus and Poisson's ratio, neither the normal nor the shear strength of particles has much contribution in the normal range. However, when both these two micro strengths decrease to very small values, the Young's modulus and Poisson's ratio have a little more influence.
The empirical discoveries found in the above calibration test can be used to form concrete target with the required mechanical property, although the calibration still needs to be conducted step by step. This is because different micro-variable changes may result in similar macro-property, and the changing magnitudes probably vary widely as other parameters vary.
Experimental results
Two types of concrete targets were made for penetration testing, i.e., the frusta of either a pyramid or a cone ( Figure 11) . The pyramid and cone shapes were intended to save materials in the rear end of the samples. The larger-area side was subjected to the projectile penetration. The frustum of pyramid had dimensions of 12″ Â 12″ in the larger-end side and 13″ in depth, while the cylinders were 6″ and 11″ in diameter and 11″ in height. Both types of concrete targets were cast in 5000 psi and 8000 psi uniaxial compressive strengths. For verification purposes of the gas operated facility the first two shots were on two 2500 psi concrete cylinders (6″ Â 12″). Limestone aggregate (#67) was used for the 5000 psi samples while (#78) was used for the 8000 psi samples.
Projectiles of three different diameters (12, 20 , and 30 mm) were used for penetration into the concrete targets and were launched using the same pressures (1200 psi) to assess their speeds, penetration depths, and target damage. Figure 12 shows an example of the projectile after impacting the concrete targets, the damaged concrete targets and location of projectiles after the impact. Some target specimens were shattered by the projectile and the penetration of the projectile were not observed. This was primarily due to the size of concrete specimen relative to that of the projectile. However, as projectile size decreases (or concrete specimen size increases), the phenomena of projectile penetrating through concrete target become more likely to occur. 
Comparison between FEM simulation results and laboratory test results
without considering the microstructure of the target It is worth mentioning that both the mass and diameter of the projectiles influence the penetration depths. However, the major factor to determine the penetration depth is the velocity of the projectile. For example, in tests 7 and 8, the two projectiles have similar masses and diameters, but the projectile with higher velocity (405 m/s) has a penetration depth of 51 mm which is almost twice the depth of the one with lower velocity (360.5 m/s). This fact is also revealed by the simulation results, pertaining to the same tests, in which the projectile having a higher velocity has a 106 mm penetration depth, while the one with lower velocity has a 51 mm penetration depth. The major reason for the inconsistency between the simulation results and the test results is that the material properties including microstructure were not varied for different materials ( Table 3) .
Comparison between simulation results and laboratory test results with microstructure incorporated for the concrete target
As previously mentioned, the 6″ Â 12″ concrete cylinders were X-ray CT scanned and cross-section images showing their internal structure were obtained for each specimen. An image analysis code has been developed to reconstruct the internal structure of the target specimen using the x-ray CT slices. Thus, different constituents of concrete are identified respectively, based on the gray levels of a cross-section image. In addition to the reconstruction of the internal structure, the program also maps each pixel of the image onto the mesh of the digital model as shown in Figure 13 . For each of the two 6″ Â 12″concrete specimens, 100 slices Table 3 .
Penetration depth comparison between test data and simulation (Zhou et al., 2009).
(cross-section images) were stacked together and processed to generate their respective digital specimen. Elements pertaining to different components of the mixture (i.e., aggregates and cement paste) were assigned different material properties in the simulation. The aggregates were treated as elastic material with high elastic stiffness, whereas the cement paste was treated as an elasto-plastic material with low elastic stiffness and shear damage factor to control the damage of the material.
Effect of projectile mass on the simulated penetration
The effect of the projectile mass on the penetration was assessed by considering three different masses in the simulation -0.2, 0.4, and 0.6 kg, respectively. Other properties of the projectiles were kept the same. The simulation data are presented in Figure 14 . From the figure it can be noticed that the projectile penetration depth increases as its mass increases (a) whereas the penetration speed decreases at smaller rates for larger mass projectiles (b). Figure 13 . Internal structure reconstruction of the concrete specimen.
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Visualization of DEM simulation
After creating the target and projectile models, it is convenient to assign different striking velocities to the projectile and perform penetration simulation. Through PFC3D coding, the entire penetration process can be simulated at selected time steps ( Figure 15 ). In the figure above, the concrete slab perforation process at selected time steps was initiated at a striking velocity of 500 m/s. Different steps correspond to different times, which can be obtained from the simulation history record. As shown, widespread cracking, progressive gross failure, and fragmentation during penetration can be visualized.
Conclusions
Penetration of projectile into concrete target was investigated in this research by using both experimental methods and numerical simulations. A lab test system which is able to launch steel projectile into cement concrete targets was successfully built. Projectile package driven by propellant gas enables a steel projectile to penetrate into cement concrete targets at different speeds. Finite Element Method (FEM) was utilized to simulate the penetration process of projectile into a concrete target. A projectile is considered as rigid material with no deformation during the penetration process. Cement concrete targets can be modeled using a concrete damaged plasticity model. Several major effects are estimated by FEM simulation including diameter, mass and initial speed of the projectile. Additionally, numerical simulation using Discrete Element Method (DEM) was employed to simulate the penetration process of projectile into cement concrete target. A calibration method was developed to obtain microscopic parameters from macroscopic parameters of concrete. Penetration process can be modeled using the time history of the depth, initial velocity and deceleration of the projectile then compare results with empirical predictions results of previously conducted simulations.
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